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DESCRIPTION 
METHOD AND APPARATUS FOR PRODUCING MOLD 

Cross-Ref erence To Related Application 

[0001] This application is a 371 of PCT/ JPOl/03896 
filed on May 10, 2001. 

Technical Field 

[0002] This invention relates to a method and an 
apparatus for producing a mold by machining a mold 
material produced by casting, and it can be used for 
production of a mold for pressing work, a mold for 
injection molding, and the other molds. 

Background Art 

[0003] On production of a mold for pressing, for 
example, with a casting as a material, machining such as 
cutting work and the like for long hours is 
conventionally required to finish a cast material that is 
to become for q mold to be a mold. 

[0004] Specifically, after a member m old material 
being a material for a mold is cast, the mold member 
material is machined and finished to be a mold, and on 
casting of the mold member m atcrial , a large allowance or 
excess of mold material is present at the margin of the 
mold member that will require additional work by 
machining. This is because the io given to a margin for 
work for machining bccauoc not only a cast mold model 
that is being a basis of the mold member m aterial is 
manually produced in many cases, as well as that but aloo 
the precision of casting itself is low. Specifically, if 
the amounts of precision of a model and casting 
deformation are estimated, the margin requiring extra 
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work becomes large from the viewpoint of compensating for 
the shrinkage that occurs during casting, the oafcty and 
the GQOting ohrinko to a large extent or the like on 
caoting, — thus making it necessary to prevent the cutting 
margin from running short. 

[0005] As a roQult, — a-s— a waste portion of the cast 
mold model being a baoio of the mold material increases, 
the margin of the mold requiring extra ^ e^g^work of the 
mold material tends to be larger than necessary. 
[0006] On the other hand, the mold industry is 
required to satisfy the demands for complicatedly shaped 
complication of the — ohapcD of the products formed from 
molds, while reducing reduction in the cost and lead time 
to produce the e ^— mo 1 d s due — to the — recent — oocial 
oituation . 

[0007] Accordingly, a reduction in the margin of the 
mold requiring for work can be considered to reduce the 
machining time for a mold member m atcrial , but even if a 
numerically controlled working machine or the like is 
used for tt^e— production instead of manually making a cast 
mold model, a mold with high precision cannot be expected 
when a casting is used as the mold member m atcri ejr, and as 
a result, the mold m argin requiring ^ e^^work cannot be 
sufficiently reduced, which makes it impossible to reduce 
the machining time. 

[0008] In view of the above-described fact, an object 
of the present invention is to provide a method and an 
apparatus for producing a mold capable of reducing a 
machining time after the casting of a mold 
member m atcrial . 

Summary Diocloourc of the Invention 

[0009] A method for producing a mold according to the 
present invention is characterized by the steps 
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GompriQing a otcp of producing a mold material by 
casting, a otcp of obtaining measurement data by 
measuring a shape of the mold material by a measuring 
device, and a otcp of working a reference plane and a 
product forming plane of the mold material by a mold 
working machine so as to reduce the amount of work 
required by a work amount of the product forming plane of 
the mold material baocd on thio mQaourcmcnt data to 
thereby produce a mold . 

[0010] Thus, in the method for producing the mold, 
after the mold material is produced by casting, the shape 
of this mold material is first m easured at firat . Next, 
the reference plane and the product forming plane of the 
mold material is worked by the mold working machine based 
on the measurement data obtained above so as to reduce 
the amount of work required by amount of the product 
forming plane of the mold material based on the 
mcaouromGnt data obtained above to thereby produce the 
mold . 

[0011] Since the product forming plane of the mold is 
a plane for forming a worked material such as a metal 
plate or the like in a predetermined shape, it is formed 
into a complicated shape, and thus the product forming 
plane of the mold member m aterial is also formed into a 
complicated shape. In the present invention, the 
reference plane and the product forming plane of the mold 
member m aterial are worked by the mold working machine so 
as to reduce the work amount required by e ^— the product 
forming plane of the mold material to produce the mold, 
and therefore the working time can be reduced and the 
work operation can be efficiently performed when the mold 
is produced by the machining , work from the mold 
member m atcrial , thus making it possible to reduce the 
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Gorroopond to roduction in cost and lead time of the 
mold. 

[0012] If the working amount of the product forming 
plane of the mold member m atcriQl is reduced, the margin 
for work of the reference plane of the mold member 
material is sometimes increased . However, on the other 
hand, — but the reference plane that is generally formed 
into a planar shape can be machined by a large cutter of 
the mold working machine, and as a result, working time 
and working cost never increase as a whole. 
[0013] When the reference plane and the product 
forming plane of the mold member m aterial are worked by 
the mold working machine, the reference plane is 
initially p rQviouoly worked, then and the product forming 
plane is worked while vjith the worked reference plane is 
used being as a supporting surface of the mold member 
material in the mold working machine. 
[0014] According to the above, when the product 
forming plane is worked, the worked reference plane is 
made the supporting surface in the mold working machine, 
and therefore work can be performed with the reference 
plane being supported and fixed on the a table of the 
mold working machine, thus making it possible to machine 
the product forming plane while being with stabilized, 
thereby providing work and high precision. 
[0015] Further, when the product forming plane is 

worked by the mold working machine, the product forming 
plane is worked after the decision as to what portions of 
the product forming plane are to be m achined and how many 
times they are machined io made . 

[0016] According to the above, it becomes possible to 
finish the production, for example, by machining only the 
portions with larger working margins of the product 
forming plane twice and by machining the portions with 
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smaller working margins only once. It Specif icallyy — irfe- 
becomes unnecessary to perform machining many times while 
detecting what portions of the product e ^^— protruded past 
an acceptable border by moving the cutter of the mold 
working machine over the entire product forming plane_^ 
Additionally y and air cutting time^ in which only the 
cutter is moving but not without working the mold member, 
material can be reduced. 

[0017] The method for producing the mold as described 
above can be carried out by Getting the — otcp of m easuring 
the shape of the mold member m aterial with the measuring 
device and the otop of working the reference plane and 
the product forming plane of the mold member m aterial 
with the mold working machine based on the data obtained 
by this measurement . These ao the operation steps are 
independent from each other, but the process it can be 
also carried out by octting them ao — the dependent 
operation steps using a computer. 

[0018] When the process is carried out by they arc — oot 
ao the dependent operation steps using a computer, the 
measurement data obtained by the measuring device is sent 
to the computer, and after the computer performs a 
computation to reduce a work amount when working the 
product forming plane of the mold member m aterial with 
the mold working machine based on this measurement data 
and mold design data stored in the computer, the computer 
controls the mold working machine to work the mold 
membe r m a t c r i ejr . 

[0019] In order to perform a computation to reduce a 
work amount when working the product forming plane of the 
mold material with the mold working machine, on display 
mcano of the computer, — an envelope model of the mold 
member m aterial generated based on the measurement data 
from the measuring device and a mold model generated 
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based on the mold design data are displayed by a display 
means of the computer. Then 7 — then the envelope model is 
moved in directions of three axes orthogonal to one 
another respectively and rotated around the three axes in 
this display means, thereby bringing this envelope model 
into close proximity of the mold model, and at the thio 
time of its being in close proximity thereof, the 
computer performs the computation to reduce the work 
amount of the product forming plane. 

[0020] Bringing HorQ, — bringing the envelope model into 

close proximity of the mold model means placing all the 
parts of the mold model inside the envelope model, and 
bringing a product forming plane of the envelope into 
close proximity of the product forming plane of the mold 
model. Thus, from the positional relationship between 
the mold model and the envelope model, the computation to 
reduce the work amount of the product forming plane can 
be performed by the computer with assurance and high 
precision . 

[0021] Further, in the case in which a cast mold model 

is used to produce the mold material and is produced with 
a cast mold model working machine, and this cast mold 
model working machine receives the data from the 
aforementioned computer to produce the cast mold model, 
and an estimated amount of deformation occurring when the 
mold member m aterial is produced by casting may be stored 
in the computer and 7 — and thio data including the 
ootimatod amount m ay be sent to the cast mold model 
working machine. 

[0022] According to the above, the cast mold model is 
formed^ by the cast mold model working machine_^ into a 
shape and dimension that includes including the estimated 
amount of deformation occurring when the mold member 
material is produced by casting, and the mold member 
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matcrial formed from the cast mold model can be formed 
accurately even if casting deformation occurs. 
[0023] As in the above, when the estimated amount of 
tho casting deformation is stored in the computer, it is 
preferable to reset the estimated amount with the 
measurement data of about the mold member m aterial 
measured with the measuring device. 

[0024] When the estimated amount is reset as above, 
the estimated amount can be rewritten to represent b e 
more accurate data that is based on the shape and the 
dimension of the mold member m aterial actually produced 
by casting, and the next production of the mold member 
material can be carried out more accurately. 
[0025] When the method for producing the mold 
described above is carried out by using the computer, one 
computer may be used, or a plurality of computers 
performing data communications may be used. 
[0026] An apparatus for producing a mold according to 
the present invention is an apparatus for carrying out 
the method for producing the mold explained above with 
use of a computer. 

[0027] Accordingly, Explaining in conGrctc, — an 
apparatus for producing a mold according to the present 
invention comprises a measuring device for measuring a 
shape of a mold member m aterial produced by casting, a 
computer into which measurement data from this measuring 
device is inputted, and a mold working machine controlled 
by the computer to work the mold member m aterial and 
produce a mold from the mold member m aterial , and the 
computer has storage means for storing the aforementioned 
measurement data and mold design data, and computing 
means for computing data for making the mold working 
machine work a reference plane and a product forming 
plane of the mold member material to reduce a work amount 
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of the product forming plane of the mold member m aterial 
based on the thooc m easurement data and model design 
data . 

[0028] The computing means previously makes the mold 
working machine work the reference plane, and thereafter 
computes data for making the mold working machine work 
the product forming plane with the worked reference plane 
acting being as a supporting surface of the mold member 
material in the mold working machine. 

[0029] Further, working capability data of the mold 

working machine is stored in the storage means, and after 
the computing means computes what portions of the product 
forming plane are worked and how many times they are 
worked based on the working capability data, the 
computing means makes the mold working machine work the 
aforementioned product forming plane. 

[0030] Furthermore, the computer has display means for 

displaying an envelope model of the mold member m aterial 
generated on the basis of baocd on the measurement data 
obtained by the measuring device and a mold model 
generated based on the mold design data, and operation 
means for bringing the envelope model into close 
proximity of the mold model by moving the envelope model 
in directions of three axes orthogonal to one another 
respectively and rotating it around the three axes, and 
by its being in close proximity thereof, the computation 
to reduce the work amount of the product forming plane is 
performed in the aforementioned computing means. 
[0031] Bringing the envelope model into close 
proximity of the mold model mentioned here means placing 
all parts of the mold model inside the envelope model as 
well as bringing a product forming plane of the envelope 
into close proximity of the product forming plane of the 
mold model . 
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[0032] When the apparatus for producing the mold 
according to the present invention further comprises a 
cast mold model working machine for producing a cast mold 
model used for producing the mold material^ an estimated 
amount of deformation at the time of casting of the mold 
member m aterial is stored in the aforementioned storage 
means, data including this estimated amount is sent to 
the cast mold model working machine^ and the cast mold 
model is produced by the cast mold model working machine 
based on this data. 

[0033] It is preferable to make the aforementioned 

estimated amount stored in the storage means resettable 
based on the measurement data about the shape of the mold. 
member m aterial m easured with the measuring device. When 
the estimated amount stored in the storage means is the 
measurement data by the measuring device and resettable, 
the next production of the mold member m aterial can be 
performed more accurately as described above. 
[0034] In the above, the storage means of the computer 

may comprise any type of bo any storage familiar in the 
art, including fe y— a magnetic disc, floppy-disk, hard 
disk, optical disk (CD-ROM, CD-R, CD-RW, DVD, etc.), 
magneto-optic disk (MO, etc.), semiconductor memory, 
magnetic tape or the like, and may be the combination of 
two or more of them. 

[0035] Further, the operation means may comprise any 
one or more b o any operation devices, including dcvicG by 
a keyboard, mouse, track ball, joystick, or the like, and 
may be the combination of two or more of them. 
[0036] Furthermore, the display means may be a display 
device such as a display with a visual screen, printer, 
or the like, but since it is desired to visually show the 
envelope model being brought into close proximity of the 
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mold model as described above^ the display with a screen 
is preferable. 

[0037] The computer in the above apparatus for 
producing the mold may be one, or may be a plurality of 
computers performing data communications. 
[0038] An example of a mold to which the method and 
apparatus for producing the mold according to the present 
invention is applied is a press mold for pressing work, 
but other than this, it is also applicable to the 
production of the m olds for injection molding, extrusion 
molding, pultrusion, blow molding and the like. 
[0039] Further, when the accurate height dimension of 

the mold is required, the work amount of the reference 
plane is set according to the height dimension, but if it 
is sufficient to form the reference plane of the mold 
member m aterial to be simply a parallel plane with the 
reference plane of the mold model, the reference plane 
may be worked to be parallel therewith. In this case, 
the work amount of the reference plane can be further 
reduced . 

[0040] Further, the measuring device for measuring the 

shape of the mold material may be a device of a non- 
contact image-pickup type using moire, non-contact laser 
type or stereo type, or further a device for measuring in 
contact with the mold member m atcrial . 
[0041] Furthermore, machining of the mold member 

material m ay be cutting work, grinding work or the like, 
or the combination of them. Further, as the cutter for 
working the mold member m atcrial , an end mill and the like 
can be considered, and as a mold working machine, 
adopting a machining center and the like are considered. 
If the mold working machine is a numerically controlled 
machine tool, machining work of the mold member m aterial 
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can be accurately and efficiently performed by utilizing 
the data from the computer. 

Brief Description of the Drawings 

[0042] FIG- 1 is a block diagram of a mold production 
support system applied to a method for producing a mold 
according to one embodiment of the present invention; 
[0043] FIG. 2 is a sectional view showing a 
construction of a press mold apparatus; 
[0044] FIG. 3 is a perspective view showing a mold 

material for an upper mold of the press mold apparatus; 
[0045] FIG. 4 is a view showing positional 

relationship between an envelope model and a mold model; 
and 

[0046] FIG. 5 is a view showing positional 

relationship between a scanning measured model and the 
mold model . 

Best Mode for Carrying out the Invention 

[0047] Preferred embodiments will be described with 

reference to the attached drawings in order to further 

explain the present invention further in detail. 

[0048] A configuration and procedural steps of a mold 

production support system for carrying out a method for 

producing a mold according to an embodiment of the 

present invention will be explained based on the 

drawings . 

[0049] As shown in FIG. 1, a computer 127 — which io 
loaded with computer aided design and manufacturing (CAD 
/ CAM) software and constituting to conotitutc a core 
part of a mold production support system 10, is connected 
to a cast mold model working machine 14 that is being a 
numerically controlled (NC) machine tool for producing a 
cast mold model 15. The 7 — and the cast mold model 15 is 
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worked by this working machine 14 based on the m old 
design data sent from the computer 12. The cast mold 
model 15 is formed in a shape corresponding to a mold 
member m atorial 20 for a press mold produced by casting_^ 
Computer 12 stores various types of 7 — and oincc data^ 
including an estimated amount of mold ootimatcd 
deformation caused by casting, which is otorcd in the 
computer — tS-^ — io sent to the cast mold model working 
machine 14, where the mold member m aterial 20 is produced 
by casting. Furthermore, the shape of the mold member 20 
is cast based on the cast mold model 15 so as caoing v ^ yith 
uoG of the GQOt mold model — 15 io formed to have a shape 
and dimension that includes vjith a margin requiring extra 
for work being left , thereby requiring additional for 
allowing a cutting work to be being poot working 
performed after the production of the mold member 
material 20. The cast mold 15 may be manually produced. 
[0050] A measuring device 16 for measuring the shape 
of the mold member m aterial 20 is also connected to the 
computer 12. The A s — t4ie— measuring device 16— is a three- 
dimensional measuring device utilizing 7 — which io an 
image-pickup type utilizing m oire, and which is capable 
of hexaxially controlling a hexaxial control of the 
direction of a camera and an image proccooing type 
capable of simultaneously process p roceooing m any points 
of an image . The computer 12 is loaded with shape 
measuring support system software capable having a 
function of giving an automatic tracking command to the 
measuring device 16, so that the effective shape 
measurement of the mold member 20 can be made. 
[0051] The Hero, the m easurement data of the mold 
member m aterial 20 , as measured by the measuring device 
16 , comprises a group of measured points. The io made a 
mcaourcd point group, — and the m easurement data is sent to 
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the computer 12 as v i ?ith an envelope model M2 , as shown in 
FIG. 4 y that comprises being a three-dimensional graphic 
model virtually formed along the measured group of 
points p oint group . 

[0052] Further, a mold working machine 18 being an NC 

machine tool for working the mold member m aterial 20 is 
also connected to the computer 12, so that the mold 
member m aterial 20 can be worked by the mold working 
machine 18 based on the measurement data measured with 
the measuring device 16. 

[0053] The computer 12 has a storage unit 12A, an 
operation unit 12B, a display unit 12C and a computing 
unit 12D. The In the storage unit 12 A stores 7 — stored 
arc the aforementioned software, mold design data and the 
data concerning an of the estimated amount of the casting 
deformation, along with data concerning the booidca 
which, — working capability data of the mold working 
machine 18, as well as the software necessary for 
computing the amount of work amount by which the mold 
member m aterial 20 is cut based on the mold design data 
and the measurement data from the measuring device 16^ 
Also and its computing data, — and further stored is the 
arc software and data necessary for carrying out the mold 
producing method, including, for example, which vjill be 
explained hereinafter, — ouch ao software for driving the 
cast mold model working machine 14 and software for 
finishing the mold member m aterial 20 to be a mold by the 
mold working machine 18 based on the measurement data 
from the measuring device 16. The computing unit 12D 
performs the execution of the software stored in the 
storage unit 12A based on a command signal from the 
operation unit 12B and computing processing based on the 
data stored in the storage unit 12A. The display unit 
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12C is a display with a visual screenT- which displays the 
result of computing processing by the computing unit 12D. 
[0054] According to the above, the mold production 
support system 10 is being an apparatus for producing a 
mold , and comprises of thio embodiment io conotitutod by 
the computer 12, the casting mold model working machine 
14, the measuring device 16 and the mold working machine 
18, with and the casting mold model working machine 14, 
the measuring device 16 and the mold working machine 18 
arc driven by being controlled by the computer 12. 
[0055] The mold member m aterial 20 of this embodiment 
is finished into a mold by being subjected to cutting 
work by the mold working machine 18. The finished mold 
subsequently becomes part of being a machine v/ork to be a 
mold, — and ao a press mold apparatus that includes, for 
example, formed with this mold being included, — the 
otructurc, — in which an upper mold 22 io disposed on an 
upper portion side as shown in FIG. 2^ while a lower mold 
24 is disposed on a lower portion side . A 7 — and a lower 
holder 26 for pressing a metal plate P being a worked 
material between the lower holder 2 6 and the upper mold 
22 is disposed between the upper and lower molds m old by 
being supported by springs 287 — io conoidcrod ao an 
example . When the upper mold 22 is lowered as the two- 
dot chain lines show linc ohowo , the metal plate P becomes 
hold by being sandwiched between the upper mold 22 and 
the lower holder 26 and is worked by pressing with the 
upper mold 22 down onto e ftd— the lower mold 24, and 
thereby forming the formed to be a product. 
[0056] On producing thcoc m olds such as the upper mold 
22, the lower mold 24, the lower holder 26 and the like, 
the production method provided in the current of thio 
embodiment is used to produce , and for example, a the 
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mold member m atorial 20 that corresponds to - ^e^g^the lower 
mold 2 4 io caot to be formed as shown in FIG. 3. 
[0057] Next, the proocduro steps of the method for 
producing a mold according to this embodiment will be 
explained . 

[0058] First A t first , the cast mold model working 

machine 14 cuts a material , such as foam of foamed resin_g_ 
based on the mold design data sent from the storage unit 
12A of the computer 12 to thereby cut and to create the 
cast mold model 15 that corresponds corresponding to the f 
mold member m atorial 20, Next, a by performing casting 
operation is performed, such as, h Yi — for example, the 
lost-wax casting process . The based on the cut cast mold 
model 15 is used to create a mold of 7 — the m old member 
material 20 . Mold member 20, an example of which is -fee 
bo the material of a mold shown in FIG. 3 is subsequently 
made in a form having an allowance or excess of mold 
material present at the margin of the mold member 20 that 
requires further machine a margin for work . 
[0059] Thereafter, the shape of the mold member 
material 20 is measured by the measuring device 16, with 
and the resulting m easurement data used to generate e # 
this mcaourcmcnt result and an envelope model M2 that 
becomes gonoratod based on the mcaDurcmont data arc 
stored in the storage unit 12A of the computer 12. 
[0060] Further, after measuring the moaouromont of the 
shape of the mold member 20, m aterial 20 is — finished, — net 
only a reference plane 20A^ and a product forming plane 
20B , and of the mold material 20, — but also a surface 20C 
of the part of the m old member m aterial 20 other than 
these planes is cut by the mold working machine 18. 
[0061] On this occasion, the mold design data and 
measurement data are initially read from the storage unit 
12A of the computer 12— and shown on the display unit 12C | 
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being tho dioplay of the computor 12 so that an operator 
can see the positional relationship between a mold model 
Ml^ being a three-dimensional graphic model based on the 
mold design data^ and the envelop model M2j_ being the 
three-dimensional graphic model based on the measurement 
data, as shown in FIG. 4. 

[0062] In the state shown on the display, the envelope 

model M2 of the mold member m aterial 20 , as gcnQratod 
based on the measurement data^ is linearly moved in 
directions of thee axes X, Y and Z orthogonal to one 
another and also rotated around the three axes X, Y and X 
by the operation of the operation unit 12B. It is noted 
that the envelope model M2 can be linearly moved and 
rotated automatically by software. 

[0063] By linearly moving and rotating the envelope 
model M2, all parts of the mold model Ml is placed inside 
the envelope model M2, and by bringing the envelope model 
M2 into close proximity of the mold model Ml as shown in 
FIG. 5, specifically, by bringing the product forming 
plane M2B of the envelope model M2 into close proximity 
of a product forming plane MIB of the mold model Ml, the 
amount of work on otate in vjhich the vjork amount of the 
product forming plane 20B of the mold member m aterial 20 
is minimized bcGomcp minimum and the overall amount of 
work amount is reduced is OQarchcd for . 

[0064] Upon determining W hen the state in which the 
amount of work on amount of the product forming plane 2 OB 
becomes minimi zed m inimum io found out , the position of 
the envelope model M2 is fixed in this state by a 
command signal from the operation unit 12B, and the data 
of the envelope model M2 at this time is converted into 
the coordinate axis of the mold model Ml io obtained , and 
the three-dimensional graphic model of the obtained data 
is called a scanning measured model M3. 
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[0065] By obtaining the amount of cutting required by 
amount of each portion of the reference plane 20A, tho 
product forming plane 20B_^ and the like of the mold 
member m aterial 20 by the computing unit 12D based on 
from the size of a gap between the scanning measured 
model M3 and the mold model Ml, the volume of the cut 
portions of the mold member m aterial 20 is calculated and 
obtained , and this volume is set as the total cutting 
amount of the mold member m aterial 20. 

[0066] Based Further, — baocd on the data of the total 
cutting amount, the computing unit 12D of the computer 12 
not only computes the diameter, rotational frequency, 
cutting amount, feeding speed and the like of the cutter 
of the mold working machine 18, but also computes what 
portions of the product forming plane 20B are cut and how 
many times they are cut when cutting the product forming 
plane 20B, based on the working capability data of the 
mold working machine 18 stored in the storage unit 12A. 
Specifically, the data that makes it possible to reduce 
the work amount of the product forming plane 20B is 
computed by the computing unit 12D from the data stored 
in the storage unit 12A. 

[0067] Thereafter, the reference plane 20A, the 
product forming plane 20B, and the surface 20C of the 
other parts are respectively cut by the mold working 
machine 18, on which occasion, a reference plane working 
instruction diagram dimensionally indicating the position 
of the reference plane 20A and the position of the 
support surface MIA of the mold model Ml from the 
position of the platen of the virtual mold working 
machine is initially generated in the computing unit 12D 
of the computer 12 using the scanning measured model M3_^ 
This 7 — then this reference plane instruction diagram is 
then outputted to the mold working machine 18, and the 
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reference plane 20A_^ being a large plane_^ is first cut 
with the mold working machine 18 at first . 
[0068] After Further, — after the cutting work of the 
reference plane 20A is finished and the surface 20C of 
the other part is cut, the product forming plane 20B of 
the mold member m aterial 20 is cut with the reference 
plane being fixedly supported on a table of the mold 
working machine 18 as the supporting surface. 
[0069] On this occasion, based on the computation 
result from the data of the aforementioned total cutting 
amount, the diameter, rotational frequency, cutting 
amount, feeding speed and the like of the cutter of the 
mold working machine 18 are selected, and predetermined 
portions of the product forming plane 20B is worked at b y 
predetermined times, whereby the work of the entire 
product forming plane 20B is finished while the work 
amount is reduced. 

[0070] Next, the operation of the method for producing 
the mold according to this embodiment will be explained. 
[0071] In this embodiment, based on the measured 
moaouromont data of the mcaouroment — of the shape of the 
mold member m aterial 20— stored in the storage unit 12A 
of the computer 12, the envelope model M2 of the mold 
member m aterial 20 is generated and capable of being 
displayed on 7 — and in the display unit 12C_^ 
Subsequently , the envelope model M2 is linearly movable 
in the directions of the three axes X, Y and X orthogonal 
to one another and rotatable around the three axes. 
Thus, in such a manner , the that thio envelope model M2 
can be 4 ^s— brought into close proximity to of the mold 
model Ml that is generated based on the mold design data 
and 7 — thooQ data can bo compared . 

[0072] As a result of the above, in the dioplay unit 
12c, — the positional relationship between the mold model 



18 



U.S. Serial No. 10/009 903 
Marked-up Replacement Specification 



February 12, 20 
Ace C 



Ml_^ based on the mold design data_^ and the mold member 
material 20 can be determined with reliability and high 
precision, making which makoo it possible to reduce the 
work amount of the product forming plane 20B that takes 
time to be machined. 

[0073] When the reference plane 20A and the product 
forming plane 20B of the mold member m aterial 20 are cut 
by the mold working machine 18, the reference plane 20A 
of the mold member m aterial 20 is initially cut, and the 
product forming plane 20B is cut with the worked 
reference plane 20A as the supporting surface in the mold 
working machine 18. Consequently, when the product 
forming plane 208 is worked, the worked reference plane 
20A can be fixed on the table of the mold working machine 
18 as the supporting surface, and thereby the mold member 
material 20 is fixed on the table with stability, thus 
making it possible to work the product forming plane 20B 
with higher precision and assurance. 

[0074] Further, when the cutting work is performed for 

the product forming plane 20B, what portions are cut and 
how many times they are cut are computed in the computing 
unit 12D, thus making it possible to finish the 
production by cutting only the portions having a larger 
margin for work of the product forming plane 20B, for 
example, twice, and by cutting the portions having a 
smaller margin for work only once. 

[0075] It That io, — i^becomes unnecessary to perform a 

cutting operation numerous m any times while detecting 
what portions of the mold member 20 protrude beyond an 
acceptable boundary arc protruded by moving the cutter 
ouch ao a cutting tool and the like over the entire 
product forming plane 20B, and it becomes possible to 
reduce the time for air cutting during which- the tool is 
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only m oving but not without m achining the mold 
member m atcrial . 

[0076] According to the above, when the reference 
plane 20A and the product forming plane 20B of the mold 
member m aterial 20 are worked on, the margin for work 
required by of the product forming plane 20B is reduced. 
Consequently, the amount of work required to produce the 
product forming plane 20B , which is a plane for forming 
the pressed material such as a metal plate and the like 
into a product as a mold for pressing work and which is 
generally regarded to have a complicated surface shape, 
is reduced and thus the work amount io reduced . 
[0077] Even ConoGqucntly , — oven when a casting with low 
precision is used as a mold member m atcrial , the work 
amount required by of the product forming plane 2 OB is 
reduced and the cutting time can be shortened, thus 
making it possible to generate complicated corroopond to 
the — complication of the product shapes while reducing 
ohapo, — reduction in the cost and lead time of the molds. 
[0078] In an alternative the caoc of this embodiment, 

the margin of for work required by of the reference plane 
20A is larger in some cases compared to the above 
examples. However, contrary to the above, — but the 
reference plane 20A^ which is generally planar_^ can be 
cut by a large cutter, thereby preventing e ftd— the cutting 
time from increasing io not incrQaoGd to a large extent 
when the reference plane 20A is worked on. 

[0079] Next, the cutting time reduction effects by the 
method and apparatus for producing the mold according to 
this embodiment will be explained. 

[0080] Conventionally, when the cutting work being 
machining is performed for the mold material, the work is 
carried out in with m ultiple stages such as rough 
machining, semi-finishing machining, finishing machining, 
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and the like is noodcd . When A o the condition for 
cutting a the m aterial to bo — cut having the same shape as 
the product forming plane is by rough machining, the 
cutter with a diameter of 50 mm is used^ and when the 
cutting amount is 10 mm and the rotational frequency is 
800 rpm, the feeding speed is 0.4 m / minute. 
[0081] On the other hand, as the work amount of the 
production forming plane is reduced by adopting the 
production method of this embodiment, the cutting amount 
is 4 mm, and when the cutter of a diameter of 50 mm is 
used at the rotational frequency of 1400 rpm, the 
condition of the feeding speed of 1.05 m / minute is 
obtained, thereby increasing the 'cutting speed by a 
factor of 2 . 6 compared to conventional methods timos qo 
high Qo convontionally . 

[0082] Further, the cutting time for the entire mold 

member m Qtcrial under this working condition is estimated 
to be shorter by about 32% as compared with the prior 
art, and the working time for producing vjhon the lower 
holder is produced for trial is reduced by about 10 
hours . 

[0083] Adoption M eanwhile, — when the rough machining io 
aboliohcd following the adoption of the production method 
according to the present of thio embodiment allows the 
rough machining stage to be eliminated. Instead, e ed 
machining is performed with a cuter for the semi- 
finishing machining stage with a the cutting amount of 3 
mm at a reduced feed speed, resulting in the rotational 
frequency becoming bccomoo 1800 rpm with a feeding speed 
of 1.45 m / minute being obtained. In contrast, while in 
the conventional process of semi-finishing machining 
requires a 7 — the rotational frequency of_ie— 2000 rpm with 
a the cutting amount of 0.2 mm— and a the condition of 
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thc feeding speed of 2 1. 4 5 m / minute io — obtained v ^ yhilc 
the conventional one io 2 m / minute . 

[0084] In the present embodiment Spccif icolly , the 

cutting speed of the semi-finishing machining stage 
becomes lower as a result of that the cutting speed being 
io about 0.7 times as high as the conventional one_-^ 
However , but it is compensated by the time saved roducc d: 
by elimination of the aboliohing rough machining stage , 
and the work time when the lower holder is produced for 
trial can be reduced by about 13 hours, thus making it 
possible to improve the efficiency to a large 
extent cKtcnd . 

[0085] Next, an the analysis of the amount of 
deformation caused by amount — in casting the mold member 
material 20 through use of by using the mold production 
method according to the present this embodiment will be 
explained. The deformation occurs in the form of 
shrinkage and the like when the mold material is produced 
by casting. 

[0086] Data relating to an ^ Pfee—estimated amount of 

casting deformation is stored in the storage unit 12A of 
the computer 12 to produce the cast mold model 15 shown 
in FIG. 1, and the actual dimension of the mold member 
material 20 based on the measurement data obtained by the 
moaourcmcnt by the measuring device 16 is a raee— compared . 
According to the above, the operator of the mold 
production support system 10 can judge whether or not the 
estimated amount of casting deformation will be j re- 
corrected when the next mold member m aterial 20 is 
produced, and analyze the difference between the 
estimated amount of the casting deformation and the 
actual dimension of the mold member m aterial 20. 
[0087] Based on That io, — from the difference between 
the actual casting deformation amount and the estimated 
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casting deformation amount, it is determined analyzed 
whether or not the estimated casting deformation amount 
stored in the storage unit 12A is proper or not, and in 
the next production of the mold member m aterial 20, the 
estimated amount of the casting deformation can be reset. 
[0088] The reset estimated amount of the casting 
deformation is stored in the storage unit 12A, and when 
the cast mold model 15 for producing the next mold member 
material 20 is produced, the data of the estimated 
casting deformation amount is sent to the casting mold 
model working machine 14-3^8', whereby the cast mold model 
15 is produced in the appropriate shape and dimension 
including the estimated amount io produced . 

Industrial Availability 

[0089] As in the above, the method and apparatus for 
producing the mold according to the present invention is 
suitable for producing a mold used for pressing work and 
the like. 
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